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Description

BACKGROUND OF THE INVENTION

[0001] The field of the proposed invention relates to
high intensity blending apparatus and processes, par-
ticularly for blending operations designed to cause ad-
ditive materials to become affixed to the surface of base
particles. More particularly, the proposed invention re-
lates to an improved method for producing surface mod-
ifications to electrophotographic and related toner par-
ticles.

[0002] High speed blending of dry, dispersed, or slur-
ried particles is a common operation in the preparation
of many industrial products. Examples of products com-
monly made using such high-speed blending operations
include, without limitation, paint and colorant disper-
sions, pigments, varnishes, inks, pharmaceuticals, cos-
metics, adhesives, food, food colorants, flavorings, bev-
erages, rubber, and many plastic products. In some in-
dustrial operations, the impacts created during such
high-speed blending are used both to uniformly mix the
blend media and, additionally, to cause attachment of
additive chemicals to the surface of particles (including
resin molecules or conglomerates of resins and parti-
cles) in order to impart additional chemical, mechanical,
and/or electrostatic properties. Such attachment be-
tween particles is typically caused by both mechanical
impaction and electrostatic bonding between additives
and particles as a result of the extreme pressures cre-
ated by particle/additive impacts within the blender de-
vice. Among the products wherein attachments be-
tween particles and/or resins and additive particles are
important during at least one stage of manufacture are
paint dispersions, inks, pigments, rubber, and certain
plastics.

[0003] A typical blending machine and blending tool
of the prior art is exemplified in Figures 1 and 2. Figure
1 is a schematic elevational view of a blending machine
2. Blending machine 2 comprises a vessel 10 into which
materials to be mixed and blended are added before or
during the blending process. Housing base 12 supports
the weight of vessel 10 and its contents. Motor 13 is lo-
cated within housing base 12 such that its drive shaft 14
extends vertically through an aperture in housing 12.
Shaft 14 also extends into vessel 10 though sealed ap-
erture 15 located at the bottom of vessel 10. Shaft 14 is
fitted with a locking fixture 17 at its end, and blending
tool 16 is rigidly attached to shaft 14 by locking fixture
17. Before blending is commenced, lid 18 is lowered and
fastened onto vessel 10 to prevent spillage. For high in-
tensity blending, the speed of the rotating tool at its out-
side edge generally exceeds 50 ft./second. The higher
the speed, the more intense, and tool speeds in excess
of 90 ft./second, or 100 ft./second are common.

[0004] Turning now to Figure 2, a perspective view of
blending tool 16 of the prior art is shown. Center shank
20 has a central fixture 17A for engagement by locking
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fixture 17 (shown in Figure 1). In the example shown,
the central fixture 17A is a simple notched hole for re-
ceiving a male fixture 17 (from Figure 1) having the
same dimensions. Arrow 21 shows the direction in
which tool 16 rotates upon shaft 14. Vertical surfaces
19A and 19B are fixed to the end of center shank 20 in
order to increase the surface area of the tool at its point
of greatest velocity. This increases the tool's "intensity",
or number of collisions per unit of time. In addition to the
surface area of the tool's face, the intensity of a tool is
influenced by tool speed and the shape of the tool. The
importance of the shape of the tool will be discussed
below. Vertical surfaces 19A and 19B combined with the
leading edge of center shank 20 are the surfaces of tool
16 that collide with particles mixed within vessel 10
(shown in Figure 1). The area through which these sur-
faces 19 and leading edge of center shank 20 sweep
during rotation of tool 16 can be thought of as the work-
ing profile of the tool. In other words, the "profile" of a
tool equals the 2-dimensional area outlined by collision
surfaces of the tool as it sweeps through a plane that
includes the rotational axis of shaft 14. In Figure 2, the
space or zone immediately behind rotating tool 16 is la-
beled 22.

[0005] Various shapes and thicknesses of blending
tools and collision surfaces are possible. Various con-
figurations are shown in the brochures and catalogues
offered by manufacturer's of high-speed blending equip-
ment such as Henschel, Littleford Day Inc., and other
vendors. The tool shown in Figure 2 is based upon a
tool for high intensity blending produced by Littleford
Day, Inc. Among the reasons for different configurations
of blending tools are (i) different viscosities often require
differently shaped tools to efficiently utilize the power
and torque of the blending motor; and (ii) different blend-
ing applications require different intensities of blending.
For instance, some food processing applications may
require a very fine distribution of small solid particles
such as colorants and flavorings within a liquid medium.
Similarly, the processing of snow cones requires rapid
and very high intensity blending designed to shatter ice
cubes into small particles which are then mixed within
the blender with flavored syrups to form a slurry.
[0006] Most high-speed blending tools of the prior art
do not have raised vertical elements such as surfaces
19 shown in Figure 2. Instead, a typical blending tool
has a collision surface formed simply by the leading
edge of its central shank 20. In many tools, the leading
edge is rounded or arcurately shaped in order to avoid
a "snow plow" effect wherein particles become caked
upon a flat leading face much as snow is compressed
and forms piles in front of a snow plow. The tool shown
in Figure 2 attempts to avoid this snow plow effect on
raised collision surfaces 19 by slanting the forward face
of surfaces 19 at an acute angle, thereby causing par-
ticles to either bounce upward from the tool or be swept
by friction upward along the face of the tool until carried
over its top and into the lee of the tool. However, a prob-
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lem with the tool shown in Figure 2 and with other tools
in the prior art is that an enlarged collision surface tends
to create vortices in the wake of the tool as well as to
decrease the overall density of particles in the zone 22
behind the tool. The degree of such density variations
depends primarily upon the speed of the tool through
the particle mixture as well as the height, width, and
depth of the collision surface 19.

[0007] Because of the above snow plow, vortex, and
density limitations, conventional tools such as shown in
Figure 2 are limited both in height and in the width of
any enlarged collision surface. Indeed, it is believed that
in tools of the prior art that have elements raised above
center shank 20, the height (defined below as the y-axis
dimension) of such vertically raised elements is less
than the depth (defined below as the z-axis dimension)
of center shank 20 in its region proximate to the attach-
ment point of the enlarged element. It is also believed
that the width (defined below as the x-axis dimension)
of any vertically raised element of a conventional tool
has not exceeded the height, or y-axis, of center shank
20 in the region of center shank 20 proximate to where
the raised element is attached. Lastly, it is believed that
in high-speed blending tools of the prior art that have
raised elements, the z-axis dimension, or depth, of the
raised element greatly exceeds its width, or x-axis, di-
mension. For clarification, the height, or y-axis, dimen-
sion of a blending tool and its elements shall mean the
dimension of the tool or element in the plane that con-
tains shaft 14 around which the tool rotates. The depth,
or z-axis, of the tool and its elements shall mean the
dimension perpendicular both to the axis of the tool's
center shank and to the y-axis. The x-axis of the tool
and its elements shall be measured in the direction of
the axis of the tool's center shank. For center shank 20
itself, the x-axis dimension is a measure of its length.
For any raised collision surface, the x-axis is a measure
of its width.

[0008] Another characteristic of blending tools of the
prior art is derived from the above limitations upon the
height of the collision surface. Specifically, as explained
above, conventional tools are thin in height and, if a ver-
tical surface such as 19 is present, such vertical surface
is also has a thin x-axis profile. Such thinness is required
in order to avoid excessive vortices and low density re-
gions in the lee of the tool. The trailing edges of conven-
tional tools are sometimes rounded or arcurately
shaped. However, because of the "thinness" of the tool
in the y-axis, it is not necessary and it is not known to
arcurately shape the leading or trailing surfaces of the
tool except in the region proximate to the leading and/
or trailing edge.

[0009] As noted above, different mixture formulations
or products often specify different collision surface
shapes and dimensions in order to optimize blend effi-
ciency, blend time, and power consumption. For in-
stance, if a fast blend process time is desired, then the
blend tool can be rotated faster or a tool with a larger
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collision surface can be selected in order to increase the
number of particle collisions per unit of time, or blending
intensity. However, for any given viscosity, the power
and configuration of the blending motor effectively limits
the speed of the tool and the size of a collision surface
such as surface 19.

[0010] When the same blending vessel is used for dif-
ferent formulations or products requiring different tools,
then procedures for changing a conventional blending
tool require the following steps (described in relation to
Figure 1) (A) lid 17 is unfastened and opened from the
top of vessel 10; (B) vessel 10 and tool 16 need to be
at least partially cleaned by vacuum and by wiping, es-
pecially in the region where blending tool 16 is secured
to shaft 14; (C) locking fixture 17 is loosened to allow
unfastening of tool 16 from shaft 14; (D) blending tool
16 is detached from the locking fixture 17; (D) blending
tool 16 is lifted from vessel 10 with care not to bump or
scratch the sides of vessel 10; (F) removed tool 16 is
thoroughly cleaned before further handling and/or stor-
age; and (G) the preceding tasks (except cleaning) are
repeated in reverse order for attachment of a different
blending tool 16. For large blender vessels that are com-
mon in many if not most industrial applications, the
weight of blending tool 16 requires a crane or hoist dur-
ing unfastening, lifting, positioning of the replacement
tool, and refastening. A human operator inside vessel
10 typically needs to help maneuver the crane or hoist
during this process, and the combination of positioning
a large tool while simultaneously attempting to fasten it
onto shaft 14 can place the human operator in an awk-
ward position. Even for smaller blenders, replacement
of the tool requires fairly careful cleaning of shaft 14 and
tool 16 and often requires an awkward manipulation
while simultaneously positioning and fastening replace-
ment tool 16.

[0011] In addition to changing a blending tool to ac-
commodate the requirements of different formulations
or products, blending tools may require changing when
excessively worn. Many industrial applications require
blending of abrasive particles such as pigments, color-
ants (including carbon black), and electrophotographic
toners. The above procedures for changing a tool must
be used whenever a worn tool requires replacement.
[0012] The relevance of the above description of
blending tool 16 to the manufacture of electrophoto-
graphic, electrostatic or similar toners is demonstrated
by the following description of a typical toner manufac-
turing process. A typical polymer based toner is pro-
duced by melt-mixing the heated polymer resin with a
pigment in an extruder, such as a Weiner Pfleider ZSK-
53, whereby the pigment is dispersed in the polymer.
After the resin has been extruded, the resin mixture is
reduced in size by any suitable method including those
known in the art. Such reduction is aided by the brittle-
ness of most toners which causes the resin to fracture
when impacted. This allows rapid particle size reduction
in pulverizers or attritors such as media mills, jet mills,
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hammer mills, or similar devices. An example of a suit-
able hammer mill is an Alpine RTM Hammer Mill. Such
a hammer mill is capable of reducing typical toner par-
ticles to a size of about 10 microns to about 30 microns.
For color toners, toner particle sizes may average within
an even smaller range of 4-10 microns.

[0013] After reduction of particle size by grinding or
pulverizing, a classification process sorts the particles
according to size. Particles classified as too large are
typically fed back into the grinder or pulverizer for further
reduction. Particles within the accepted range are
passed onto the next toner manufacturing process.
[0014] After classification, the next typical process is
a high speed blending process wherein surface additive
particles are mixed with the classified toner particles
within a high speed blender. These additives include but
are not limited to stabilizers, waxes, flow agents, other
toners and charge control additives. Specific additives
suitable for use in toners include fumed silica, silicon
derivatives such as Aerosil. RTM. R972, available from
Degussa, Inc., ferric oxide, hydroxy terminated polyeth-
ylenes such as Unilin RTM., polyolefin waxes, which
preferably are low molecular weight materials, including
those with a molecular weight of from about 1,000 to
about 20,000, and including polyethylenes and polypro-
pylenes, polymethylmethacrylate, zinc stearate, chro-
mium oxide, aluminum oxide, titanium oxide, stearic ac-
id, and polyvinylidene fluorides such as Kynar. In aggre-
gate these additives are typically present in amounts of
from about 0.1 to about 1 percent by weight of toner par-
ticles. More specifically, zinc stearate shall preferably be
present in an amount of from about 0.4 to about 0.6
weight percent. Similar amounts of Aerosi.RTM. is pre-
ferred. For proper attachment and functionality, typical
additive particle sizes range from 5 nanometers to 50
nanometers. Some newer toners require a greater
number of additive particles than prior toners as well as
a greater proportion of additives in the 25-50 nanometer
range. When combined with smaller toner particle sizes
required by color toners, the increased size and cover-
age of additive particles for some color toners creates
increased need for high intensity blending.

[0015] The above additives are typically added to the
pulverized toner particles in a high speed blender such
as a Henschel Blender FM-10, 75 or 600 blender. The
high intensity blending serves to break additive agglom-
erates into the appropriate nanometer size, evenly dis-
tribute the smallest possible additive particles within the
toner batch, and attach the smaller additive particles to
toner particles. Each of these processes occurs concur-
rently within the blender. Additive particles become at-
tached to the surface of the pulverized toner particles
during collisions between particles and between parti-
cles and the blending tool as it rotates. It is believed that
such attachment between toner particles and surface
additives occurs due to both mechanical impaction and
electrostatic attractions. The amount of such attach-
ments is proportional to the intensity level of blending
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which, in turn, is a function of both the speed and shape
(particularly size) of the blending tool. The amount of
time used for the blending process plus the intensity de-
termines how much energy is applied during the blend-
ing process. For this purpose, "intensity" means the
number of particle collisions per unit of time. For an ef-
ficient blending tool that avoids snow plowing and ex-
cessive vortices and low density regions, "intensity" can
be effectively measured by reference to the power per
unit mass (typically expressed as W/Ib) of the blending
motor driving the blending tool. Using a standard Hen-
schel Blender tool to manufacture conventional toners,
the blending times typically range from one (1) minute
to twenty (20) minutes per typical batch of 60-1000 kil-
ograms. For certain more recent toners such as toners
for Xerox Docucenter 265 and related multifunctional
printers, blending speed and times are increased in or-
der to assure that multiple layers of surface additives
become attached to the toner particles. Additionally, for
those toners that require a greater proportion of additive
particles in excess of 25 nanometers, more blending
speed and time is required to force the larger additives
into the base resin particles.

[0016] The process of manufacturing toners is com-
pleted by a screening process to remove toner agglom-
erates and other large debris. Such screening operation
may typically be performed using a Sweco Turbo screen
set to 37 to 105 micron openings.

[0017] The above description of a process to manu-
facture an electrophotographic toner may be varied de-
pending upon the requirements of particular toners. In
particular, for full process color printing, colorants typi-
cally comprise yellow, cyan, magenta, and black color-
ants added to separate dispersions for each color toner.
Colored toner typically comprises much smaller particle
size than black toner, in the order of 4-10 microns. The
smaller particle size makes the manufacturing of the
toner more difficult with regard to material handling,
classification and blending.

[0018] The above general description of a process for
making electrophotographic toners is well known in the
art. More information concerning methods and appara-
tus for manufacture of toner are available in the following
U.S patents, and each of the disclosures of which are
incorporated herein: US-A-4,338,380 issued to Erick-
son, et al; US-A-4,298,672 issued to Chin; US-A-
3,944,493 issued to Jadwin, et al; US-A-4,007,293 is-
sued to Mincer, et al; US-A-4,054,465 issued to Zio-
browski; US-A-4,079,014 issued to Burness, et al;
US-A-4,394,430 issued to Jadwin, et al; US-A-
4,433,040 issued to Niimura, et al; US-A-4,845,003 is-
sued to Kiriu, et al; US-A-4,894,308 issued to Mahabadi
et al.; US-A-4,937,157 issued to Haack, et al; US-A-
4,937,439 issued to Chang et al.;US-A-5,370,962 is-
sued to Anderson, et al; US-A-5,624,079 issued to
Higuchi et al.; US-A-5,716,751 issued to Bertrand et al.;
US-A-5,763,132 issued to Ott et al.; US-A-5,874,034 is-
sued to Proper et al.; and US-A-5,998,079 issued to
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Tompson et al.

[0019] As described above, the process of blending
plays an increasingly important role in the manufacture
of electrophotographic and similar toners. It would be
advantageous if an apparatus and method were found
to accelerate the blending process and to thereby dimin-
ish the time and cost required for blending. Similarly,
since different formulations and products often require
different blending speed and intensities, it would be ad-
vantageous if an apparatus and method were found to
allow a single blending tool to be reconfigured in situ for
various blending intensities rather than requiring clean-
ing, removal, and replacement of the entire blending tool
for each required change in intensity.

SUMMARY OF THE INVENTION

[0020] One aspect of the present invention is an im-
proved blending tool for rotation in a blending machine,
said tool comprising a center shank having an end and
a region proximate to the end; an enlarged collision el-
ementrigidly fixed during rotation of the tool to the center
shank at the end region; and a trailing surface of the
enlarged collision element, at least half of said trailing
surface being negatively sloped

In a further embodiment the profile of the enlarged col-
lision element is adjustable.

In a further embodiment the height dimension of the en-
larged collision element is larger than the depth dimen-
sion of the center shank in the end region.

In a further embodiment the enlarged collision element
is hollow.

[0021] Another aspect of the present invention a
blending machine, comprising a vessel for holding the
media to be blended; a blending tool mounted inside the
vessel, said blending tool comprising a center shank
having an end and a region proximate to the end; an
enlarged collision element rigidly fixed during rotation of
the tool to the center shank at the end region; and a
trailing surface of the enlarged collision element, at least
half of said trailing surface being negatively sloped; and
a rotatable drive shaft, connected to the blending tool
inside of the vessel, for transmitting rotational motion to
the blending tool.

In a further embodiment the drive shaft rotates at least
a portion of the enlarged collision element of the blend-
ing tool at a speed greater than 50 feet/second.

In a further embodiment the drive shaft rotates at least
a portion of the enlarged collision element of the blend-
ing tool at a speed greater than greater than 90 feet/
second.

In a further embodiment the drive shaft rotates at least
a portion of the enlarged collision element of the blend-
ing tool at a speed greater than 95 feet/second.

[0022] Yet another aspect of the present invention is
a method of making toners, comprising melt-mixing a
mixture containing toner resin and colorants; reducing
the melt-mixture into particles; adding surface additive
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particles to the mixture of melt-mixture particles; and
blending the melt-mixture particles and surface additive
particles in a blending machine using a rotating blending
tool comprising a center shank having an end and a re-
gion proximate to the end; an enlarged collision element
rigidly fixed during rotation of the tool to the center shank
at the end region; and a trailing surface of the enlarged
collision element, at least half of said trailing surface be-
ing negatively sloped.

In a further embodiment the step of blending further
comprises rotating at least a portion of the enlarged col-
lision element of the blending tool at a speed greater
than 50 ft./second.

In a further embodiment the step of blending further
comprises rotating at least a portion of the enlarged col-
lision element of the blending tool at a speed greater
than 85 ft./second.

In a further embodiment the step of blending further
comprises rotating at least a portion of the enlarged col-
lision element of the blending tool at a speed greater
than 90 feet/second.

In a further embodiment the step of blending further
comprises rotating at least a portion of the enlarged col-
lision element of the blending tool at a speed greater
than 95 feet/second.

BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Other aspects of the present invention will be-
come apparent as the following description proceeds
and upon reference to the drawings, in which:

Figure 1 is a schematic elevational view of a blend-
ing machine of the prior art;

Figure 2 is a perspective view of a blending tool of
the prior art;

Figure. 3 is a perspective view of an embodiment
of the blending tool of the present invention;
Figure. 4 is a perspective view of an embodiment
of the blending tool of the present invention having
an adjustable articulator hinge;

Figure 5 is a perspective view of an embodiment of
an articulator hinge of the present invention; and
Figure. 6 is a chart showing specific power levels of
the blending motor when using different configura-
tions of the blending tool of the present invention
and when using a conventional tool of the prior art.

DETAILED DESCRIPTION OF THE DRAWINGS

[0024] While the present invention will hereinafter be
described in connection with its preferred embodiments,
it will be understood that it is not intended to limit the
invention to these embodiments. One aspect of the
present invention is creation of a blending tool capable
of generating more intensity (collisions/unit of time) than
heretofore possible. This increased intensity is the result
of an enlarged collision surface employing an aerody-
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namic-like shape that enables enlargement of the colli-
sion profile while minimizing vortices and particle voids
in the zone behind the rotating blending tool. The com-
bination of a larger collision profile and minimization of
voids and vortices behind the tool result in more colli-
sions per unit of time, or intensity. Such increase of in-
tensity allows blending time to be decreased, thereby
saving batch costs and increasing productivity.

[0025] Accordingly, a blending tool 50 of the present
invention is shown in Figure 3 inside of a vessel 10 that
is similar to that shown in Figure 1. Center shank 51 con-
tains locking fixture 52 at its middle for mounting onto
rotating drive shaft 14 (not shown) of the blending ma-
chine 2 (not shown). As shown in Figure 3, an enlarged
collision element comprises collision anvil 55 that is pro-
portionately larger than the collision surface of blending
tools of the prior art such as that shown in Figure 2. In
conventional tools, as discussed above, enlarged colli-
sion surfaces are not practical because a large collision
surface creates too much "snow plow" compaction in
front of the tool and vortices and relative voids in the
wake of the tool. To overcome these impediments, a
novel feature of the present invention is an enlarged col-
lision element such as collision anvil 55 with cross-sec-
tional perimeters of its leeward surfaces that decrease
as such cross-sections are measured closer to the trail-
ing edge of the tool, i.e., its sides and/or top and bottom
surfaces tend towards convergence toward the trailing
edge. This "negative slope" of the leeward surface in-
creases intensity since particles that are pushed upward
or sideways upon contact with the collision anvil slide
along the leeward slope of the tool to fill its wake as the
tool slides through the particle mixture. Although the ac-
tual movements of particles within a blending machine
requires complex 3-dimensional analysis, it is believed
that an arcurate shape best accomplishes the above de-
sign since it causes collision anvil 55 to function much
like an air foil in a gas fluid. In other words, the particle
media through which the blending tool moves acts like
a fluid as it is mixed by the tool. As with an air foil, the
sloping leeward shape helps minimize voids and turbu-
lence behind the tool. The result is greater particle den-
sity available for collision by the next arm of the tool as
it sweeps through the blending zone. Greater density of
particles leads to greater intensity (collisions/unit of
time). Additionally, as noted above, the rounded shape
of the leading profile of collision anvil 55 results in more
flow of particles over the tool and less "snow plow" com-
paction in front of the tool. The result is that for the same
consumption of power by the blending machine, itis be-
lieved that the present invention allows either greater
tool speed or a larger collision plate profile. Either great-
er speed or larger profile result in greater blend intensity.
[0026] For clarity, the portion of collision anvil 55 that
adds to the profile of the tool can be considered its "lead-
ing surface" and is labeled 57 in Figure 3. This is the
surface that most directly impacts the particle media.
The portion of collision anvil 55 to the rear of the leading
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surface can be considered its "trailing surface" and is
labeled 56 in figure 3. Using the arcurately shaped trail-
ing surface of the present invention, it is possible to in-
crease the height, or y-axis dimension, of the collision
anvil to exceed (even by a factor greater than 2 or 3) the
depth, or z-axis dimension, of center shank 51 in the
region proximate to where collision anvil 55 is attached.
Itis also possible to increase the width, or x-axis dimen-
sion, of collision anvil 55 to a width that exceeds (even
by a factor greater than 1.5 or 2) the height, or y-axis,
of center shank 51 in the region of center shank 51 prox-
imate to where collision plate 35 is attached. For a large
collision anvil 55, it is preferred that collision anvil 55 be
hollow or comprised of a relatively thin plate in order to
reduce its weight. Specifically, it is preferable that the
leading surface of collision anvil 55 or other enlarged
collision element of the present invention be less than
one-half inch thick and preferably as thin as 3/16 inch
thick.

[0027] It should be recognized that application of the
above design principles enables any number of designs,
including the design discussed below relating to use of
adjustable and spaced apart collision plates. Although
the preferred embodiment of this aspect of the invention
comprises an arcurate shape over the entire trailing and
leading surfaces, it may be possible to achieve an ac-
ceptable result using a negative slope over less than all
(perhaps approximately one-half) of the entire trailing
surface. It also preferred that most or all of the leading
surface have an arcurate shape. The larger the profile
of the collision surface, the larger the proportion of the
trailing surface that must be negatively sloped in order
to achieve the effects of the present invention.

[0028] Yet another aspect of the present invention is
a blending tool that allows reconfiguration of the effec-
tive collision surface size and profile without removal of
the entire tool. Referring to Figure 4, blending tool 30
comprises a center shank 31 and collision plates 35A
and 35B. Center shank 31 contains locking fixture 32 at
its middle for mounting onto rotating drive shaft 14 (not
shown) of the blending machine 2 (not shown). Each
end of center shank 31 contains a connecting mecha-
nism 33 for rigidly mounting and holding an arm 34. Con-
necting mechanism 33 shown in Figure 4 comprises a
simple nut and bolt fastener which compresses together
and rigidly positions collision plates 35A and 35B on
arms 34A and 34B and on center shank 31, respectively.
As will be described more fully below, below, different
arrangements for positioning arms 34A and 34B are
possible. Additionally, different arrangements for an ad-
justable collision surface are possible. For instance,
each end region of the center shank 31 could comprise
a leading edge flap connected to the center shank by
one, two, or more connector mechanisms such that the
angle of the flaps could be tilted down or raised much
like the leading edge slat of some high speed jets and
airplanes

[0029] In the embodiment shown, mounted at the op-
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posite end of arm 34A from mechanism 33 is an en-
larged collision surface formed out of a collision plate
35A. Collision plate 35A differs from collision surfaces
of the prior art since collision plate 35A is spaced apart
and not integrally forged, welded, or otherwise formed
as part of center shank 31. Additionally, collision plate
35A presents a substantially larger profile than the pro-
file of center shank 31. Different arrangements for lock-
ing collision plate 35A into position are possible. For in-
stance, collision plate 35A could be directly connected
to center shank 31 without an arm 34A therebetween or
arm 34A could be permanently attached to center shank
31 with a connecting mechanism between the arm 34A
and collision plate 35A. Arm 34A can assume any
number of embodiments, including compound ele-
ments, as long as arm 34A functions to position the col-
lision plate apart from center shank 31. A preferred em-
bodiment of the present invention uses a connecting
mechanism such as mechanism 33 that enables remov-
al and replacement of a collision plate when the collision
plate reaches the end of its useful life due to abrasion
and wear. Without such removable collision plates, the
entire blending tool requires disposal or remanufactur-
ing when the collision plate reaches the end of its useful
life.

[0030] Connecting mechanism 33 can assume any
number of arrangements long as it allows adjustment of
the profile of the tool. In the embodiment shown, mech-
anism 33 allows arm 34A to pivot about the axis of center
shank 31. In effect, mechanism 33 forms an articulator
hinge that allows arm 34A to assume any number of an-
gles in relation to center shank 31. This articulator hinge
is a simple bolt and nut fastener that can be loosened
and tightened with standard tools such as socket
wrenches. Any number of other articulator hinges are
possible as long as they allow arm 34A to pivot when
the hinge is loosened and to be held rigidly in place once
the hinge is tightened.

[0031] An example of an alternate embodiment of an
articulator hinge 33 is shown in Figure 5. The embodi-
ment shown in Figure 5 allows articulation of arm 34 into
pre-set positions determined by alignment of bolt 45
(which runs through hole 46 in arm 34) with bored holes
41,42,43, and 44 formed in central hub 35. The process
of articulating the hinge to these pre-set angles is ac-
complished by the relatively easy loosening and with-
drawal bolt 45. As bolt 45 becomes withdrawn, arm 34
can be repositioned such that bolt 45 aligns with and
can be inserted into one of alternate holes 41, 42, 43,
and 44. Lastly, arm 34 is again secured in place by re-
fastening bolt 45.

[0032] It should be recognized that may alternate de-
signs for reconfigurable tools are possible. For instance,
the above description of a leading edge flap could ac-
complish this purpose. Similarly, a movable collision
surface, preferably a collision plate, could be connected
directly to the center shank without an arm to provide
spaced apart separation between the surface and the
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center shank. Although many such variations are pos-
sible, however, the preferred embodiment comprises an
arm and a spaced apart collision plate as described
above in relation to Figures 3 and 4.

[0033] The advantages of the reconfigurable blending
tool of the present invention is made clear when the ad-
justment procedures are compared to the procedures
necessary to change-out the non-adjustable tooling of
the prior art. The conventional procedures are described
above and require, among other steps, cleaning of the
blending vessel and tool to gain access to the lock
mechanism of the drive shaft of the blending machine
followed by typical use of a crane or hoist to lift the tool
out of the vessel. In contrast, the comparable process
for altering the configuration of the blending tool of the
present invention is as follows (numbers are in refer-
ence to Figures 1 and Figure 3, as applicable): (A) lid
17 is unfastened and opened from the top of vessel 10;
(B) blending tool 16 needs to be at least partially cleaned
by vacuum and by wiping in the region of articulator
hinge 33; (C) articulator hinge 33 is loosened to allow
arm 34 (and therefore collision plate 35) to be reposi-
tioned; (D) arm 34 is repositioned to the new angle re-
quired by the next formulation or product; (D) articulator
hinge 33 is re-tightened.

[0034] In sum, blending tool 16 of the present inven-
tion with its articulator hinge enables significant time,
safety, and productivity savings. Among the advantages
are: 1) elimination of the need for a crane or hoist, there-
by saving time (especially if such crane or hoist is not
immediately available) as well as a requirement for ex-
pensive supplementary equipment such as a hoist; 2)
human operators do not need to simultaneously position
and fasten during removal of the old tools and place-
ment of the new tool; and 3) cleaning tasks are greatly
curtailed and simplified since the entire tool need not be
cleaned for replacement, handling, or storage. Cleaning
of vessel 10 is also lessened and shaft 14 need not be
cleaned at all. Lastly, it is obviously less expensive to
be able to use a single flexible blending tool for various
formulations and products than to require an inventory
of tools which must be substituted each time a formula-
tion or product requires a different tool configuration.
[0035] The flexibility of the blending tool of the present
invention is demonstrated in Figure 6, which shows the
various levels of intensity that were obtained with the
tool of the present invention as it is reconfigured into
different positions. Each of the 4 curves shown on Fig-
ure 5 show data created during blending of Xerox toner
for a Xerox Docucenter 265 multifunctional printer in a
Henschel 75-liter blender. Four blends were made, all
using the same tool speed. The vertical axis measures
the specific power of the blending motor (W/Ib) which,
as discussed above, is considered a good measure of
the blend intensity when using an efficient blending tool.
The horizontal axis measures time of the blend. The
curve marked with round data points shows the results
with arm 34 set at 45 degrees, which angle offered the
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greatest tool profile for this experiment. As can be seen
in Figure 6, this curve with square data, reflecting the
largest profile, shows the greatest blend intensity. The
curve marked with diamond data points shows the re-
sults with arm 34 set at 22.5 degrees, while the curve
marked with triangular data points shows the results
with arm 34 set at 0 degrees. These angles cause de-
creasing tool profiles and, as expected, decreasing
blend intensity that reflects the decreased profiles. Last-
ly, the curve with square shaped data points shows the
results using a standard Henschel blending tool typically
used when blending electrophotographic toners (this
tool differs from the tool in figure 2). When compared to
the results using the 45-degree arm position, the stand-
ard tool provided less than 50% of the blend intensity
offered by the tool of the present invention at its maxi-
mum profile and intensity. Such results are to be expect-
ed since conventional tools lack both collision plates and
arcurate trailing surfaces.

[0036] Accordingly, the blending tool of the presentin-
vention includes a collision plate, arcurate surfaces, and
articulator hinge. When compared to known blending
tools in the prior art, the present invention permits higher
blend intensity than heretofore possible without snow
plow compaction in front of the tool or vortices and voids
in the wake of the tool. Additionally, the articulator hinge
of the present invention enable a single blending tool of
the present invention to assume a wide variety of differ-
ent configurations, each enabling a different level of
blend intensity as may be required by different formula-
tions and products. Together, these improvements of the
present invention enable greater blend intensity and
overall productivity as well as savings in tool and inven-
tory cost, time, and safety. When thee advantages are
applied to the manufacture of toners, substantial cost
savings result.

Claims

1. Animproved blending tool for rotation in a blending
machine, comprising:

(a) a center shank having at least one end and
a region proximate to the end;

(b) an enlarged collision element rigidly fixed
during rotation of the tool to the center shank
at the end region; and

(c) a trailing surface of the enlarged collision el-
ement, atleast half of said trailing surface being
negatively sloped.

2. The blending tool of claim 1, further comprising a
leading surface having a depth dimension wherein
the depth dimension of the leading surface is less
than one-half inch.

3. The blending tool of claim 1, wherein the sloping
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portion of the trailing surface is arcurately shaped.

4. The blending tool of claim 1, wherein the enlarged

collision element has a height dimension and a z-
axis and wherein the height along at least a portion
of the z-axis of the trailing surface is negatively
sloped.

5. The blending tool of claim 1, wherein the width of
the trailing surface decreases along at least a por-
tion of the z-axis of the trailing surface.

6. The blending tool of claim 1, wherein the entire trail-

ing surface has a negative slope.

7. The blending tool of claim 1, further comprising an

arcurately shaped leading surface of the enlarged
collision surface.

8. The blending tool of claim 1, wherein the enlarged

collision element is spaced apart from the center
shank.

9. A blending machine, comprising:

(a) a housing defining a chamber for holding the
media to be blended;

(b) a blending tool mounted inside the vessel,
said blending tool comprising a center shank
having an end and a region proximate to the
end; an enlarged collision element rigidly fixed
during rotation of the tool to the center shank
at the end region; and a trailing surface of the
enlarged collision element, at least half of said
trailing surface being negatively sloped; and
(c) a rotatable drive shaft, connected to the
blending tool inside of the vessel, for transmit-
ting rotational motion to the blending tool.

10. A method of making toners, comprising

(a) melt-mixing a mixture containing toner resin
and colorants;

(b) reducing the melt-mixture into particles;

(c) adding surface additive particles to the mix-
ture of melt-mixture particles; and

(d) blending the melt-mixture particles and sur-
face additive particles in a blending machine
using a rotating blending tool comprising a
center shank having an end and a region prox-
imate to the end; an enlarged collision element
rigidly fixed during rotation of the tool to the
center shank at the end region; and a trailing
surface of the enlarged collision element, at
least half of said trailing surface being negative-
ly sloped.
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FIG. 2
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